Purpose. The paper highlights the development of numerical models for prediction of atmospheric pollution in case of burning of the solid rocket propellant in a railway car, situated near the building on railway territory. These models can be used in predicting the effectiveness of neutralization upon the atmosphere protection for this type of accidents. Methodology. To solve this problem the numerical models based on the use of Navier-Stokes equations, to determine the velocity field of the wind flow near cars and buildings, and contaminants-transfer equations in the atmosphere were developed. For the numerical integration of pollutant transport equation was used implicit «change -triangle» difference scheme. When constructing a difference scheme physical and geometric cleavage of the transfer equation is carried out in four steps. Unknown value of pollutant concentration at each step of cleavage is determined by the explicit scheme -the method of «point-to-point computation». For the numerical integration of the Navier-Stokes equations are used implicit difference schemes. When carrying out computing experiment also takes into account: the velocity profile of wind flow; interaction between the building and the wind flow and flame jet of solid rocket propellant; the presence of a railroad car; inside which there is a source of pollution; instability of pollutant emissions. On the basis of constructed numerical models was performed the computer experiment for assessing the level of air pollution at dangerous cargo rail transportation in case of emergency at railway territory.The application calculations for the timely combustion products neutralization of solid rocket propellant were carried out. Findings. The numerical models that let promptly calculate air contamination in case of emergency during solid rocket propellant transportation, as well as calculate the rational parameters of pollutant neutralization process were developed by the researcher. These models can be used for routine calculations of various accident scenarios simulation. Originality. Numerical models were developed; they take into account significant factors, influencing the pollutant dispersion process in the atmosphere. On their base a pollutant neutralization method was offered in emergency situations on the railway transport. Practical value. Efficient numerical models, so called «diagnostic models» were considered for the rapid calculation of the air pollution level and air protection technology in emergency situations, in particular, in the case of railway transportation the solid rocket propellant.
Introduction
Accidents during transportation of toxic chemicals, for example, solid rocket propellant ( Fig.1) can intensively impact on the environment [2] [3] [4] 9] .
In the case of this propellant burning the great amount of toxic chemicals are dispersed in atmosphere. So it is important to predict the atmosphere pollution in the case of the possible accident and develop methods to protect atmosphere from pollution ( Fig. 2) [1, 11] .
That is why the prediction of the atmosphere pollution in the case of the mighty emissions during transportation is of great interest. 1 -building on the territory of station «Pavlohrad-1», 2 -train Nowadays to predict the dimensions of the hitting area in the case of outdoor toxic chemical release the special standard model is used in Ukraine [10] . This model is formed on the basis of some empirical models and it has a lot of lacks and is, without doubt, unrealistic. The model does not take into account the influence of the wind velocity and the atmosphere diffusion on the concentration dispersion in the atmosphere. The main lack of this model is that the standard model cannot calculate the change of toxic chemical concentration in the atmosphere after the accident. In some cases Gauss model is used to predict atmosphere pollution level [5] [6] [7] 13] . It is very important to develop CFD (Computational Fluid Dynamics) models to solve the problem discussed [1, 8, 14, 15] .
Purpose
The purpose of this work is the development of the numerical model to predict the atmosphere pollution in micro scale level in the case of solid propellant burning which also can be used to predict the effectiveness of neutralization for atmosphere protection for this type of accident.
Methodology
When the solid propellant burns different toxic chemicals are emitted in the atmosphere. To compute the toxic chemical (product of propellant burning) dispersion the Navier-Stokes equations and equation of mass transfer are used [14] 1 Re x y
where ψ -is flow function;
This model is used to predict the air pollution near railway car with solid rocket propellant (Fig.2) .
To simulate the process of toxic chemical dispersion in the atmosphere (for the distance about 300m) the 2-D transport equation is used [8, 14] :
where C -is the concentration of toxic chemical; -is Dirac delta-function. The boundary conditions for the governing equations are discussed in [14] .
In the developed numerical model, the following profile of velocity component u and coefficient of diffusion is used [5, 6] :
where 1 u -is the velocity at height 1 y
To solve the governing equations the implicit difference schemes were used [14, 15] . These are so called «change -triangle» difference schemes. 
Findings
To minimize the extent of contamination and the risk of toxic defeat people in case of emergency during transportation of solid rocket propellant it is proposed technology, aimed at localization of the source of emission of products of combustion solid rocket propellant. It is proposed to include in the train which transports solid rocket propellant, the car with the pump unit and tank with a stock of neutralizing solution. It is also proposed to include a buffer car between the rail car where solid propellant is transported and the car with the pump unit. This buffer truck will serve as a «screen» for the protection of the car with the pump unit from heat radiation of the combustion solid rocket propellant. With this technology, was organized rapid feed of neutralizing solution into the plume of combustion products and thereby minimizing time the free flow of products of combustion solid rocket propellant in the atmosphere. In addition, unlike the traditional scheme of feeding catalyst in the form of streams offered feed through the sprinkler, which is posted on pull-rod (Fig.3) . This is because the temperature of the combustion solid rocket propellant in the atmosphere is high and if you use a traditional presentation in the form of a jet, there will be rapid evaporation of droplets of reagent on the path of its movement from the installation to the jet plume. Problem setting-to evaluate the effectiveness of the process of neutralization of various intensities of reagent feed and placement of the sprinkler to the source of emission of hazardous substances.
The calculation is performed for the following tasks: Scenario 1 -no neutralization; Scenario 2 -supply of reagent is performed at a height of 13,5m and at a distance of 20 m from the source of emission. This distance is constant in all scenarios, catalyst feed rate of 1 kg/s; Scenario 3 -the reagent feed is done at the height of 13,5m, catalyst feed rate of 8 kg/s. On the base of the developed numerical models the special codes were developed. Some results of their application are shown in Fig.4-6 .
The subsequent figures illustrate the area of atmospheric pollution in the case of the options considered. The first figure (Fig. 4) corresponds to the situation when there is no flow of reagent and compares the efficiency of neutralization for each option, comparing to the area of contamination with this picture. The efficiency of neutralization 6,8% 8,2% 8,9% Table 2 The efficiency of neutralization (scenario 3)
The efficiency of neutralization 50% 62% 69%
Results from Tabl.1, 2 show that the rate of reagent strongly influences the effectiveness of protection. Also it is clear from Fig.5, 6 that the height of reagent supply is too high because the region near the railway car and building is still in the plume of toxic chemical.
Originality and practical value
A new numerical model to predict atmosphere pollution and neutralization of toxic chemical after accidents at railways was developed. The model is based on the 2-D transport equation. The developed model takes into account wind profile, diffusion, emission rate. This model allows evaluating the level of atmosphere pollution and effectiveness of neutralization. The model can be useful in the field of transport routes safety prediction.
Conclusions
The article contains results of numerical simulation of air pollution near «Pavlohrad-1» station after the accident at railway. To simulate the process of air pollution the 2-D developed numerical model was used. The developed numerical model takes into account the main physical processes which influences the pollutant dispersion in atmosphere. The developed models allow simulating the process of neutralization of toxic chemical in atmosphere. The future work in this field will be connected with development of fluid dynamics models to simulate the pollutant dispersion over the complex terrain.
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ЗАЩИТА АТМОСФЕРЫ В СЛУЧАЕ АВАРИИ ПРИ ТРАНСПОРТИРОВКЕ ОПАСНЫХ ГРУЗОВ
Цель. Работа посвящена разработке численных моделей для прогноза загрязнения атмосферы при горении твердого ракетного топлива в железнодорожном вагоне, расположенном вблизи здания на примагистральной территории. Данные модели могут быть использованы при прогнозировании эффективности нейтрализации по защите атмосферы для этого типа аварий. Методика. Для решения поставленной задачи разработаны численные модели, основанные на применении уравнений Навье-Стокса, для определения поля скорости ветрового потока вблизи вагонов и зданий, и уравнении переноса примеси в атмосфере. Для численного интегрирования уравнения транспорта загрязнителя использовалась неявная попеременно-треугольная разностная схема. При построении разностной схемы осуществляется физическое и геометрическое расщепление уравнения переноса на четыре шага. Неизвестное значение концентрации загрязнителя на каждом шаге расщепления определяется по явной схеме -методу «бегущего счета». Для численного интегрирования уравнений Навье-Стокса применяются неявные разностные схемы. При проведении вычислительного эксперимента также учитываются: профиль скорости ветрового потока; взаимодействие ветрового потока со зданием и струей продуктов горения твердого ракетного топлива; наличие железнодорожного вагона, внутри которого находится источник загрязнения; нестационарность эмиссии загрязнителя. На основе построенных численных моделей проведен вычислительный эксперимент по оценке уровня загрязнения атмосферы при транспортировке железнодорожным транспортом опасного груза в случае аварии на примагистральной территории. Проведены расчеты по применению своевременной нейтрализации продуктов горения твердого ракетного топлива. Результаты. Исследователем разработаны численные модели, которые позволяют оперативно рассчитать загрязнение атмосферы в случае аварии при транспортировке твердого ракетного топлива, а также рациональные параметры процесса нейтрализации загрязнителя. Эти модели могут использоваться для серийных расчетов по моделированию различных сценариев аварийных ситуаций. Научная новизна. Разработаны численные модели, позволяющие учесть существенные факторы, влияющие на процесс рассеивания загрязняющих веществ в атмосфере и предложена на их базе методика нейтрализации загрязнителя при чрезвычайных ситуациях на железнодорожном транспорте. Практическая значимость. Рассмотрены эффективные численные модели «diagnostic models» для экспресс-расчета уровня загрязнения атмосферы и разработана технология защиты
